Abstract -Current design methods such as appropriate technology, human-centered design, and participatory design are intended to generate development projects that resonate with users in communities in developing countries. These approaches are extremely useful, but often lack adequate documentation about how to collect data on and incorporate users feedback into the project's design. To address this gap, we introduced social science research methods into a service-learning course for undergraduate engineering students, which culminated in a trip to the communities for whom they were designing, to help students incorporate user feedback into the design of their projects. This paper documents our efforts. One of the main findings from a survey administered to students enrolled in the service-learning course indicate that students exhibited greater awareness of the users' needs, rather than the technical specifications of their projects, after their on-site visit and interviews with users in the community. We conclude by identifying ways students were successful and plans for improving the integration of instruction about social science research methods into the engineering course.
INTRODUCTION
While there have been many successful development projects, there are still a number of challenges to efforts to ensure that projects will be sustainable and viable. The lessons learned from these challenges demonstrate the critical importance of understanding users' needs and preferences, customs, and technical knowledge in designing projects that are viable and sustainable.
i,ii,iii In recent years practitioners and academics have developed approaches to remedy these challenges. Each approach highlights the importance of obtaining user feedback and incorporating the feedback into the design of the project and its implementation. These approaches include human-centered design, appropriate technology, and participatory design. Human-centered design consists of determining and meeting users' needs. Human-centered design helps designers make products that are useful for users in diverse social and cultural contexts.
iv,v Appropriate technology was specifically intended to be used in developing countries and refers to the process of developing environmentally sustainable solutions to problems of poverty that meet the needs of communities while leveraging and developing the skills of users.
vi Appropriate technology depends on collaborative efforts between designer and user to reduce the marginality of groups.
xvi Participatory design goes a step further by providing tools for uniquely partnering with users. In addition to considering user needs and preferences, participatory design underscores the significance of fostering a relationship between the designer and user, where the user participates in the design and co-invention of a customized product. vii,viii While our view is that current approaches advocated by the development community focus on soliciting and incorporating the expertise of end-users in the design process v,vi,xx , these approaches can be strengthened by providing more detailed guidance about how to bridge the gap between designer and user before, during, and after the design process. Existing approaches available to designers for co-creating sustainable solutions with users and maintaining the designer-user relationship are valuable but the methods remain relatively unsystematic and undocumented. Importantly, evaluation research methods in the social sciences and engineering design approaches for developing countries have developed in parallel to become more participatory or user-focused. In general, the integration of engineering approaches to design with social science research-based methods offers an approach that is both systematic and supportive of user-focused design. We believe this integration would benefit from the use of the Social Impact Assessment framework, ix which emphasizes obtaining critical data about the users and their community context in order to assess the effectiveness of solutions developed. Data collection techniques may include the use of secondary data, ethnographic methods such as interviews and observations as well as survey methods, all of which work together to provide designers with the tools to obtain contextual information and input/feedback from users to inform solutions that are more likely to be successful.
To provide more detailed guidance about how to bridge the gap between designer and user before, during, and after the design process, we describe how we combined engineering and social science research methods in a two-semester university course taught to engineering and technology undergraduate students. The course provides students with opportunities to design and implement humanitarian-based engineering projects for communities in Peru. In addition to technical considerations, students are given instruction about how to identify the needs of community members, communicate with community members, and solicit and incorporate feedback on the design and usefulness of the project. We assess student success by soliciting and incorporating feedback from users and reporting the results of survey data that describes whether students engaged users in the design process. We also provide accounts of ethnographic observations of student projects including a washing machine, oven, and reed cutter. We conclude by discussing ways we plan to improve the class in the future.
DESIGN FOR DEVELOPING COUNTRIES
Design approaches that have been used in developing countries and involve users in the design process include human-centered design, also known as user-centered design;
x appropriate technology; vi and participatory design. xi Human-centered design considers information from and about the user as paramount, thus helping to ensure user interests are not marginalized. xii,xiii Through an iterative process the designer attempts to overcome initial impressions about user needs or wants to discover the product design and features that are most critical. In this process users may or may not be participants in the design process, but users are expected to exert some influence on the process. The appropriate technology framework assumes that collaborative efforts and technology can reduce the marginality of groups. The appropriate technology approach is intended to overcome the limitations of traditional design approaches that are independent of end user input, and do not give enough attention to solutions that consider the needs of marginalized groups.
vi In addition to developing technology with local partners, the broad principles of appropriate technology include keeping product costs to a minimum; awareness of how users feel they will be perceived for using the product; including marginalized groups in the design process; and ensuring the sustainability of the product by making it maintainable, repairable, and reproducible by the community.
xiv, xv, vi Evidence suggests these efforts have been successful to some degree.
xvi Participatory design moves beyond human-centered design and appropriate technology by actively seeking to include the user as a part of the design team.
xvii Participatory design provides designers with ideas about ways to interact with users and seeks to ensure users are not marginalized but that they have a significant voice in the design process.
xviii,viii To overcome communication barriers between the designers and users, for instance, proposals may be in the form of drawings, mock ups, or prototypes.
xix Thus, the user feedback can be provided without needing to learn or talk in more technical terms. xviii While each of these perspectives provides broad guidance for designing with communities in developing countries, they do not specify the best methods for helping designers overcome cultural differences between the designer and the user in developing countries. Cultural, language and power differentials inhibit accurate user feedback-a core principle of participatory design-which is troublesome for designers. In particular, principles of humancentered and participatory design focus on design features that are compatible with user preferences and characteristics but these approaches are seldom applied in developing countries. Oyugi, Nocera, Dunckley, and Dray (2008) xx note the challenges of using participatory design in a developing context, all of which relate to differences between designers and the community. The challenges include cultural and language barriers, incompatibility of design techniques and understanding which methods are culturally appropriate, and the inability to communicate and follow-up with users due to geographic distance.
Human-centered design, participatory design, and the appropriate technology approaches often lack sufficient documentation about the appropriate social science research methods needed to generate user feedback and incorporate the feedback into the project design. Appropriate technology suggests designers consider how members in a community will be International Journal for Service Learning in Engineering Special Edition, pp. 137-150, Fall 2013 ISSN 1555 viewed by others in their community for using new technology, xiii but accomplishing this is left up to the designer. Human-centered design comes closest to delivering on the promise of providing a framework for project management in a developing country, yet documentation and evaluation of successful methods is minimal. Human-centered design and participatory design often draw from social science research methods such as interviewing or observing users xvii but projects that have applied these methods in developing countries generally do not provide adequate documentation for employing the appropriate methods and evaluating which ones are most successful.
Using the framework of a university course for which undergraduate engineering students design and implement humanitarian-based projects in Peru, we build on these perspectives by documenting and examining methods that can be used to gather relevant information and feedback from users and involve users in the design process. The course has been in existence since 2007 with projects being implemented in Tonga, Ghana, and Peru. Following project development during the most recent course from September 2012 through May 2013, the students traveled to Peru for two weeks to reconstruct the projects using locally sourced materials and then implement the projects. To apply the principles of human-centered design, appropriate technology and participatory design, students were instructed in class to learn about life in Peruvian communities by reading material and watching videos online, regularly communicating with contacts from the communities, and speaking with other students who had experience living in or working with people in these communities. In addition, students attended a sociology course on research methods where they first received instruction on methods for developing a Community Profile/Needs Assessment. Specific exercises provided them the opportunity to search for information from a variety of secondary sources on relevant economic and cultural and social characteristics and needs of the communities in Peru with whom they would be working. Additional class instruction emphasized participatory research methods and showed students how to use the secondary data they collected as they created interview guides for conducting interviews and engaging in on-going communication with community members in Peru about the projects they were designing. Finally, students were instructed in how to observe community reactions to their projects and obtain relevant feedback for improving designs when they traveled to Peru to meet with community members and demonstrate their project designs.
METHOD
To evaluate the extent to which students obtained feedback and involved users in the design process, we used research methods appropriate for assessing both student and user experiences with the design process. These methods included survey and ethnographic techniques, as suggested by the Social Impact Assessment approach, which advocates gathering relevant data from all stakeholders ix . We administered two surveys to students and conducted ethnographic observations of the teams as they designed and implemented the projects. The survey instrument included questions about communication with users in Peru while students were in class; information obtained from other sources such as the Internet, course instructor, teaching assistant, and people who have previously lived in or traveled to the communities in Peru; the most common topics discussed relative to project design; team interactions and conflict; experience with foreign languages and living in other countries, and basic demographic characteristics.
The survey was administered twice to students: the pre-trip survey was administered at the end of the school year prior to the students' visit to Peru. The pre-trip survey assessed the extent to which students communicated with and discussed certain topics using various forms of communication including the telephone, email, etc. The post-trip survey was administered after their return from Peru and evaluated students' face-to-face communication with users. Fourteen students who were in the class and went to Peru completed the pre-trip survey and twelve of the fourteen students completed the post-trip survey. The majority of the students who went to Peru were juniors and seniors and Caucasian. Nine were male and five were female. Most of the students majored in either mechanical engineering (5) or chemical engineering (7) while two students majored in civil engineering.
We used several questions from the survey to examine the extent to which students discussed user needs and lifestyle and obtained feedback from users in Peru while students were involved in the class (pre-trip survey) and while students were in Peru and able to interact face-to-face with users (post-trip survey). First, we asked how often students gathered information about people who would be using the project. The response categories included key information sources in Peru, the Internet, students who previously took the course and reports written about past class projects, and NGOs operating in Peru. Second, the survey asked how often students gathered information about the product design from each of these sources. Third, the survey asked students to identify and rank the three most discussed topics that they discussed as they worked on the project. Students responded to the question by selecting the top three choices from a range of choices that included the ability of users to build or maintain the project themselves, gender norms of users, physical attributes and abilities required to use project (e.g., height, strength), users' lifestyle or daily activities (e.g., household tasks, childcare, employment, leisure time), project's technical specifications, family practices of users, safety of project for the user, community customs or traditions, benefits of the project for the community, community institutions (i.e., religious, political, educational, economic), and other. The analysis in this paper focuses on a subset of the survey responses.
We also conducted ethnographic observations of the classroom instruction and design activities and the team visits to Peru. Results from the observations supplemented the survey data, and more importantly, allowed us to assess more completely whether the teams were successful at involving users and implementing feedback when designing the projects. The projects, which were implemented in Southern Peru, included a washing machine, oven, and reed cutter. The human powered washing machine was designed to reduce the time and effort required to wash clothes and minimize the likelihood users would get wet when washing clothes, which is a problem in the colder months. The second project was a propane-fueled oven that made it possible for users to cook food in an oven at home. The reed cutter project involved developing a method to reduce the time and effort to harvest reeds used for building islands located on a lake (which takes place four days out of every two weeks). Descriptions of each case study in the next section illustrate changes made to the projects as a result of student interactions with community members.
FIGURE 1 STUDENT PROJECTS INCLUDING THE WASHING MACHINE (A), OVEN (B) AND REED CUTTER (C)

RESULTS
In the pre-trip survey students were asked to identify how often (i.e., never or rarely, once a month, a few times a month or more) they gathered information from various sources about the product design and the people for whom they were designing the projects. The results of these questions are shown in Table I . The various sources that students gathered information from include a phone call and/or email with a member of the community in Peru, reports written about other class projects, the Internet, the course instructor and teaching assistant, other groups in class, NGOs operating in Peru, students who previously took the class, and others who have lived or worked in Peru. Table I indicates that students used relatively similar resources to gather information about either the people or the project design. The most frequently used source of information about the people and project design included the class instructor and teaching assistant with whom students consulted at least several times per month. Of course, this can be explained by physical proximity and ease of access. The next most common source of information included contacts with people in Peru. However, it should be noted that this occurred typically on a monthly basis. The biggest difference between gathering information about the people and projects was that the Internet was used less for finding information about the people than for finding information about the project design. This may have been due to multiple factors including their crossdiscipline training and paucity of information about the community online. Resources which were easier for students to access were more likely to be the instructor or teaching assistant, the Internet, and phone or email contact compared to information gathered from NGOs, students who took the class previously, or people who had lived in Peru. Interestingly, previous class reports and talking to previous students were not major sources for finding information about either the project or the people in Peru. This would be somewhat understandable if the projects were vastly different from previous years. However, these two sources have a wealth of information related to past projects, the culture of the users, and implementation that could be beneficial for students irrespective of the project. In addition, although more than 65% of the students at the university have lived abroad for more than a year, students in the class significantly underutilize this resource.
In the pre-trip survey students were also asked to identify the topics discussed most often in their group when working on their project design (Table II) . For the most discussed topic, eight out of fourteen students (57%) identified the project's technical specifications. Two students (14%) identified the ability of users to maintain project themselves, and three students (21%) also identified users' lifestyle or daily activities as the most discussed topic. There was greater variation in the second and third most discussed topics. The most commonly selected responses for the second most discussed include benefits for the community (3 students, 21%) and physical attributes of users (3 students, 21%). The ability of users to build or maintain the project themselves (3 students, 21%) and the safety of the user (3 students, 21%) are the most common responses for the third most discussed topics. The results show students place greater emphasis on the technical aspects of design (e.g., project technical specifications) than on community or social aspects (e.g., users' lifestyle or daily activities). However, community and social aspects were considered by some of the students. There was greater variability of the second and third most discussed topics.
International In the post-trip survey there was more variation in the distribution of responses for the most discussed topic. As shown in Table III , only 33% the students (4 students) responded that the project technical specifications were the most discussed topic. Other students indicated useroriented topics: 17% (2 students) each selected physical attributes, the users' lifestyle or daily activities, and abilities required to use the project and benefits for the community. The second most discussed topic was the ability for users to maintain the project themselves (33%) and two students each selected the project's technical specifications, the physical attributes of users and the benefits for the community. The third most discussed topic was the safety of the user (33%) and two students each selected the projects technical specifications and the ability for users to maintain the project themselves. There were a few notable shifts in the student's responses from the pre-trip survey to the post-trip survey. In the post-trip survey only four students (33%) chose the projects' technical specifications as the most discussed item compared to eight students (57%) in the pre survey. While no student chose benefits to the community as the most discussed topic in the pre-trip survey, two students chose it in the post-trip survey (17%). As students interacted with the users there was a shift toward the community and away from technical specifications as the top priority of project design. Furthermore, sustainability became a greater priority for the students. In the post-trip survey four out of twelve students chose the ability of the users to maintain the project themselves as the second most discussed item compared to two out of fourteen in the pre survey (from 14% to 33%). There was a shift towards prioritizing the attributes and abilities required to use the project among the most discussed topics. Overall, by working in Peru, the students' priorities shifted from the technical specifications of the projects and towards sustainability, usability, and community benefits. The variability in responses for the post-trip survey compared to the pre-trip survey can likely be attributed to the experience of being on-site and developing a better understanding of both the social and technical conditions that affect the project's success. However, it is unclear if providing students the tools for a greater focus on the social context (vs. technical context) during project development would result in more appropriately aligning the students' priorities toward the community prior to the trip to Peru.
We also report the findings from three case studies of the project designs that illustrate the extent to which students were successful. During the preparation for their trip, the students worked with limited feedback and interaction with the users who were in Peru, typically on a monthly basis. Students were unable to analyze current market offerings or find a substantial amount of documentation on the people or region. They worked to overcome this through various sources of information like phone calls and e-mails with local contacts in Peru prior to visiting the field site. Two students in class spoke fluent Spanish and established good relationships with their Peruvian contacts. The Peruvian contacts were established through many interactions during previous visits to Peru. Students also sent e-mails and pictures to get feedback and maintain a connection to the community before arriving in Peru. The users were only able to get access to phones and email when they visited a nearby city.
Because feedback received through interaction with the contacts prior to the trip was limited, the design process required students to make some assumptions before traveling to Peru. However, assumptions are a part of real world problem solving and allowed students to propose a tentative final solution which would not otherwise be possible.
xxi,xxii Visiting Peru allowed each team to identify and correct several assumptions they had made and make several design changes to their project. The following examples of projects that include a washing machine, oven, and reed cutter illustrate how interactions with community members permitted students to correct their assumptions and incorporate user feedback into the project's design.
The team that designed the washing machine corrected assumptions during their on-site visit that they had made while designing remotely. One of these assumptions related to the project's costs. Keeping costs low was often discussed during the design process, but the team was uncertain about the absolute minimum cost requirements. The team aimed to reduce the cost by removing the door from their original design. However, community members preferred a more expensive machine with a door to keep water from spilling onto the reeds on which the island is built (water dries out the reeds and causes them to wear out faster). Feedback on the washing machine prompted team members to add a door to the washing machine to keep the water from escaping and getting the island wet. To keep the island dry, the team added a drain and hose attachment that allowed water to be drained from the washing machine into the lake. Also, to illustrate the participatory design process involved, during construction of the washing machine, a user showed the team how to install the drain without the need of an additional tool (a hammer).
The oven team was able to adjust their assumptions about the size of propane stoves that are typically used in Peru, the desired features for the oven, and the users' cooking skills. First, the design team assumed that the existing propane stoves on which the ovens rested were the same size in Peru as in the United States, but they were smaller in Peru. When the team discovered the ovens they had designed did not fit properly onto the stoves, a bracket was added to stabilize the ovens. Second, the desired features for the oven were different than the team assumed. Based on communication with the women in Peru, the team assumed the highest priority for the oven was its baking capability and designed the racks in the oven to be evenly spaced. The team assumed users would not want an oven rack directly over the burner. However, the men in the community typically treated the oven like a grill and wanted the lowest rack to be closer to the burner. When members of the team observed the men using the oven like a grill, they feared the men would not know when the food was fully cooked, but the men discerned whether the meat was done by watching the color of the meat. After receiving feedback about the oven, the design team changed the design to allow oven racks to meet the need of cooking desired by both men and women. The original design for supporting the rack supports was also too time consuming to modify, so the attachment of the racks was modified to make it easier for users to adjust.
The team responsible for designing the reed cutter assumed a preferred feature would be a replaceable blade, as opposed to the current design with a permanent blade. This assumption was based on communication throughout the year. Interestingly, upon arrival in Peru, the team discovered that users preferred a non-replaceable blade that is secure and set at an angle based on each user's preference. Therefore, a new design was created that included a blade welded onto the end of a reed cutting pole. This was more secure than securing the blade with a wire, which is the design of the cutter the users had previously used that resulted in many lost blades.
There were several positive outcomes from the student's travelling to Peru. As a result of being in Peru the students were able to make important changes to their designs on-site in response to user feedback. Also, during their trip students were able to experience a new culture in meaningful ways. Furthermore, as the results in this section indicate, after students experienced working with local community members in Peru there was a shift in the focus of the students away from technical specifications and towards social context of the community.
DISCUSSION
Failed development projects are often characterized as underestimating the importance of user experience and preferences for the eventual success of a project; yet, mistakes can be avoided and misunderstandings can be addressed by involving users in the design process. Current views stress getting to know community members, promoting designs based on user needs and preferences, and suggest user participation in the design process. While current perspectives-human-centered design, participatory design, and appropriate technologyprovide valuable insights about user-centered design for developing countries, these perspectives seldom document which methods are most effective.
To fill this gap we have sought to document our experience integrating engineering and social science, and sought to avoid marginalizing the user and increase user participation and feedback by integrating engineering techniques with social science research methods. We have done this in ways that would help to ensure that design projects resonate with users' social lives and local communities. Specifically, through class instruction on using social science research methods, the engineering students in this study learned how to gather relevant information on the users and their context and appropriate solutions that could be sustained within the community. Students utilized social research methods such as interviewing potential users prior to visiting Peru. Most students reported emailing or speaking on the phone with a contact in Peru once a month. Students also sought information from the course instructor and teaching assistant, both of whom had designed projects for users in Peru, about product design and the people who would be using the project. There are also tremendous benefits to visiting the local community in which designers are working. Table III indicates the value of visiting Peru for students. After visiting Peru, many of the students reported that the topics discussed most often shifted from technical specifications to user and community characteristics.
Being aware of the social context and various social and technological constraints prior to their visit helped students improvise design features when they arrived in Peru. For example, one group that designed a stove discovered that they needed to cook food more quickly. Students were able to modify the stove accordingly because they had tried multiple methods in the classroom and already knew an alternative, viable method of construction. They knew the constraints of this alternate method and that it would work while still maintaining other project constraints such as safety and affordability. While the challenges of designing remotely from the user were not inconsequential, feedback from community members and the course instructor and teaching assistant provided valuable information for prototyping projects prior to students' onsite visit.
Spanish speaking students also fostered and maintained close contact throughout the eight month design process prior to the visit to Peru. Establishing these relationships with the community helped students gather more and better feedback when they arrived at the field site. Because of already established relationships with community members prior to visiting Peru, local contacts became advocates for the students when they arrived and they organized a presentation to be given by the students to community members as well as encouraging community members to provide input and help co-construct projects with the students. These relationships generated trust between students and users that helped community members feel more comfortable providing valuable feedback. In sum, by learning social science research methods, the engineering students were able to understand how technical features resonated with the experience of users within the community and then adapt their projects accordingly. Nevertheless, it remains unclear to what extent misunderstanding can be avoided and user preferences effectively incorporated into the design process while the designers and community members begin their collaboration across such great geographical distance.
Findings from this study suggest several improvements that can be implemented prior to the trip that may help to bridge the distance. First, the results reported in Table I indicate that students were most likely to obtain information from the course instructor and teaching assistant. These are especially appropriate sources of information regarding the technical aspects of the product design. However, students should be contacting users much more often than once a month. This may reduce the amount of adaptation required once students arrive in the country. Individuals and NGOs who live and work in Peru are the most appropriate sources of information regarding the people and place. Gathering more information from these sources will create more opportunities for students to learn from those who are familiar with the communities and can assist students in obtaining information and establishing contacts needed for collaborating on project designs. Establishing closer contacts with NGOs will also create a more permanent presence in Peru for the future. In the future, students in the class will be required to gather information about the people of Peru from those who have lived or worked there and have personal experience with life in the community more often. Similarly, students will be required to read reports written by students who have previously taken the course and traveled to Peru. Each year students are required to write reports summarizing their experience. Results from our survey demonstrate that 71% of students gathering information about the people and 78% of students gathering information about the product design never or rarely (less than once a month) reviewed these documents.
Second, instructional improvements will include a greater emphasis on social science research methods including more instruction during the beginning of the project development. Students will be given additional training regarding Social Impact Assessment, which will provide students with better understanding of how their designs relate to the social, economic and cultural dimensions of life in the Peruvian communities. By focusing more on Social Impact Assessment students will better understand the potential benefits of the projects for the community as well as cultural and social constraints that need to be considered. Our student survey data showed that during the trip to Peru there was a small shift toward increasing the priority of the discussion of this topic. We hope that a greater emphasis on information about the community during class instruction can help to make this topic a greater priority before students make the trip to Peru.
Lastly, recent work on temporary organizational forms xxiii are particularly relevant and provide an analogue to NGOs and development practitioners who maintain a temporary presence in a community while attempting to improve living conditions. The temporary nature of some development projects suffer from a lack of knowledge about unobservable customs, traditions, and practices that may impede the project's success. In addition to suffering from a lack of knowledge about a community, having a temporary presence in a community leads developers to be viewed as outsiders. Similarly, temporary organizational forms within communities face challenges to reputation and legitimacy.
xxiv If practitioners want to succeed, it is important for them to consider ways to establish legitimacy, and also more generally how innovations diffuse. Consequently, we plan to have students live in the communities with which they are working for a more extended period of time through already existing on-campus internships and study abroad programs. Social science undergraduate and graduate students and interns will accompany engineering students in the future. Establishing a more permanent presence will enhance communication and trust between students and community members, provide opportunities for students to understand better community needs and preferences, and allow students to obtain more detailed feedback and evaluate project implementation.
Other plans include surveys of community members to explore their experience with the projects and the effects of improvements made on the projects. Analysis of the survey data will provide insights into the appropriate methods for obtaining user feedback and participating with users in the design process, which is especially important to assist designers in overcoming cultural, language, and power differences. Data collected through surveys and the other methods will contribute further to filling the gap in documentation of effective methods for successfully integrating social and technical contexts in community work.
CONCLUSIONS
History is replete with accounts of superior innovations that failed to reach a wide audience because success is not based solely on scientific or technical merit, but also on resonating with the end-users' needs and preferences. Accordingly, as engineers and social scientists integrate their efforts to create technically sound and socially viable projects, current design methods for projects in developing countries will be improved. Current design frameworks like humancentered design, participatory design, and appropriate technology provide valuable guidance for how to design projects that are valuable and useful for users in developing countries, but these approaches will be more successful as they improve their efforts to document and evaluate their methods for obtaining user feedback and involving users in the design process.
This paper reports our attempt to combine engineering and social science methods for design in developing countries. We built on the principles espoused by advocates of human-centered design, participatory design, and appropriate technology as we documented and evaluated the methods used in a service learning course to help student designers create projects that are useful and valuable for community members in Peru. The results of our study of the students enrolled in the service learning course indicate that students often sought help from the course instructor and teaching assistant regarding the project's design and the people using the project. While these sources of information are useful for project design in particular, community members and others who have lived or worked in Peru remained underutilized as informants about the people who would be using the projects. Findings from our study also indicate that students exhibited more awareness of, and sensitivity towards, users after visiting the community, which is unsurprising. But, this finding illustrates the value of on-site visits for providing additional experience with the people and culture for which projects are being designed. Thus the decrease in physical proximity also decreased the distance in social proximity between the student designer and user, which fostered user and community feedback and projects that adapted to user needs and preferences.
We recognize that integrating social science and engineering methods remains a work in process, but we have offered several suggestions for improvement. In addition to establishing better relationships with NGOs operating in the local community to gather information about the users and their cultural practices as mentioned above, we suggest providing additional training about social science research methods such as Social Impact Assessment that allow designers to document and evaluate their endeavors. This training should be early in the design stage. We also advocate that design from a distance should involve more than monthly interaction with the community as well as better utilization of local resources that include previous reports and individuals familiar with the country and/or community. Finally, we advocate establishing a more permanent presence in the local community, whenever possible, to increase the communication and trust between the designers and users. We expect these enhancements to contribute to further integration of engineering and social science methods into a single framework that will result in more effective design projects and solutions that can have positive impact on individuals and communities.
